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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s ho WS the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The metal base layer which is the hydrogen permeable film which makes hydrogen 
penetrate alternatively, and contains VA group element, With the metal interlayer containing the 
element which was formed at least in one side of the two fields of said metal base layer, and was 
chosen from the inside of nickel (nickel) and Co (cobalt) The hydrogen permeable film characterized 
by having the metallic-coating layer which is formed in the field in which said metal base layer is not 
formed between two fields of said metal middle class, and contains Pd (palladium). 
[Claim 2] It is the hydrogen permeable film with which said metallic-coating layer is formed in the 
field in which said metal base layer of said two metal middle class is not formed, respectively by 
being a hydrogen permeable film according to claim 1, and forming said metal middle class in the 
both sides of said two fields of said metal base layer, respectively. 

[Claim 3] It is a hydrogen permeable film containing said selection element more than a solid- 
solution limit [ in / near the interface with said metal interlayer / at least / it is a hydrogen permeable 
film according to claim 1, and / in said metal base layer / the service temperature of said hydrogen 
permeable film ]. 

[Claim 4] It is the hydrogen permeable film with which it is a hydrogen permeable film according to 
claim 3, and said metal base layer contains said selection element by almost uniform concentration 
distribution along the thickness direction. 

[Claim 5] It is the hydrogen permeable film with which it is a hydrogen permeable film according to 
claim 3, and said metal base layer contains said selection element only near an interface with said 
metal interlayer. 

[Claim 6] It is a hydrogen permeable film containing said VA group element more than a solid- 
solution limit [ in / near the interface with said metal base layer / at least / it is a hydrogen permeable 
film according to claim 1, and / in said metal middle class / the service temperature of said hydrogen 
permeable film ]. 

[Claim 7] It is the hydrogen permeable film said whose VA group element it is a hydrogen 
permeable film according to claim 1, and is V (vanadium). 

[Claim 8] The process for which the metal base layer which is the approach of manufacturing the 
hydrogen permeable film which makes hydrogen penetrating alternatively, and contains (a) VA 
group element is prepared, (b) The process which forms the metal interlayer containing the element 
chosen at least as one side of the two fields of said metal base layer from the inside of nickel (nickel) 
and Co (cobalt), (c) The manufacture approach characterized by having the process which forms the 
metallic-coating layer containing Pd (palladium) in the field in which said metal base layer is not 
formed between two fields of said metal middle class. 

[Claim 9] It is the manufacture approach including the process at which it is the manufacture 
approach according to claim 8, and said process (c) forms said metallic-coating layer in the field in 
which said metal base layer of said two metal interlayers is not formed including the process at 
which said process (b) forms said metal interlayer in the both sides of said two fields of said metal 
base layer, respectively, respectively. 

[Claim 10] It is the manufacture approach including the process at which it is the manufacture 
approach according to claim 8, and said process (b) heat-treats the group by which said metal 
interlayer was formed on said metal base layer at the temperature more than the service temperature 
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of said hydrogen permeable film. 

[Claim 11] Said metal base layer which is the manufacture approach according to claim 8, and is 
prepared in said process (a) is the manufacture approach which contains said selection element by 
almost uniform concentration distribution along the thickness direction. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a hydrogen permeable film. 
[0002] 

[Description of the Prior Art] The fuel cell system is equipped with a fuel cell, the fuel gas feed zone 
which supplies the fuel gas which contains hydrogen gas in a fuel cell, and the oxidation gas supply 
section which supplies the oxidation gas which contains oxygen gas in a fuel cell. There are the 
approach of supplying the stored hydrogen gas directly and the approach of manufacturing and 
supplying hydrogen gas from hydrocarbon system compounds, such as a methanol, as supply 
approach of fuel gas. In adopting the latter approach, it equips the fuel gas feed zone with the 
reforming section for reforming a hydrocarbon system compound to hydrogen gas. 
[0003] In the reforming department, other gas is usually generated with hydrogen gas. For this 
reason, in a fuel gas feed zone, in order to extract hydrogen gas from the mixed gas generated in the 
reforming section, a hydrogen permeable film may be used. 
[0004] 

[Problem(s) to be Solved by the Invention] In JP,1 1-276866, A, the hydrogen permeable film with 
which Pd (palladium) enveloping layer was formed in both sides of V (vanadium) base layer is 
indicated. However, in this hydrogen permeable film, there was a problem that hydrogen 
permeability ability will fall, by the counter diffusion of V and Pd. 

[0005] Moreover, at JP,7- 185277, A, it is Si02 between V base layer and Pd enveloping layer. The 
hydrogen permeable film between which the interlayer was made to intervene is indicated. Diffusion 
between V and Pd can be reduced in this hydrogen permeable film. However, ceramic interlayers, 
such as Si02, had the problem that hydrogen permeability ability was low. 

[0006] This invention is made in order to solve an above-mentioned technical problem, and it aims at 
offering the technique in which the fall of the hydrogen permeation property by diffusion between 
the metals of a hydrogen permeable film can be reduced. 
[0007] 

[The means for solving a technical problem, and its operation and effectiveness] In order to solve a 
part of above-mentioned technical problem [ at least ], the equipment of this invention The metal 
base layer which is the hydrogen permeable film which makes hydrogen penetrate alternatively, and 
contains VA group element, With the metal interlayer containing the element which was formed at 
least in one side of the two fields of said metal base layer, and was chosen from the inside of nickel 
(nickel) and Co (cobalt) It is formed in the field in which said metal base layer is not formed 
between two fields of said metal middle class, and is characterized by having a metallic-coating layer 
containing Pd (palladium). 

[0008] Said metal middle class is formed in the both sides of said two fields of said metal base layer, 
respectively, and said metallic-coating layer may be made to be formed here in the field in which 
said metal base layer of said two metal middle class is not formed, respectively. 
[0009] In addition, "VA group" is also called "five groups." 

[0010] An above-mentioned metal base layer and an above-mentioned metal interlayer have the 
solid-solution limit mutually in the service temperature of a hydrogen permeable film. For this 
reason, diffusion between the metal base layers and metallic-coating layers which could control the 
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counter diffusion between a metal base layer and the metal middle class, consequently minded the 
metal middle class can be reduced. Therefore, it becomes possible to reduce the fall of the hydrogen 
permeation property by diffusion between the metals of a hydrogen permeable film. 
[001 1] As for said metal base layer, in above equipment, it is desirable that said selection element 
more than the solid-solution limit in the service temperature of said hydrogen permeable film is 
included near the interface with said metal interlayer at least. 

[0012] Here, a "solid-solution limit" means the maximum concentration (saturated concentration) of 
the 2nd element which can be added in a certain temperature in the solid-state which consists of the 
1st element, and so lid- solution limits differ according to temperature and the class of two elements. 
[0013] When the selection element is spread as mentioned above in a metal base layer, it can control 
that a selection element is spread in a metal base layer by use after a hydrogen permeable film. For 
this reason, it becomes possible to control that hydrogen permeability ability falls with time. 
[0014] In addition, said metal base layer may contain said selection element by almost uniform 
concentration distribution along the thickness direction, and may contain said selection element only 
near the interface with said metal interlayer. Here, almost uniform concentration distribution means 
the distribution to which the concentration value of the selection element in each field in a metal 
base layer turns into about 90% or more of the greatest concentration value along the thickness 
direction. 

[0015] As for said metal middle class, in above equipment, it is desirable that said VA group element 
more than the solid-solution limit in the service temperature of said hydrogen permeable film is 
included near the interface with said metal base layer at least. 

[0016] When VA group element is spread as mentioned above in a metal interlayer, it can control 
that VA group element is spread in a metal interlayer by use after a hydrogen permeable film. For 
this reason, it becomes possible to control that hydrogen permeability ability falls with time. 
[0017] In addition, as for said VA group element, it is desirable that it is V (vanadium). It is also 
possible to replace with this and to use Nb (niobium) and Ta (tantalum). 
[0018] The process for which the metal base layer which the approach of this invention is an 
approach of manufacturing the hydrogen permeable film which makes hydrogen penetrating 
alternatively, and contains (a) VA group element is prepared, (b) The process which forms the metal 
interlayer containing the element chosen at least as one side of the two fields of said metal base layer 
from the inside of nickel (nickel) and Co (cobalt), (c) It is characterized by having the process which 
forms the metallic-coating layer containing Pd (palladium) in the field in which said metal base layer 
is not formed between two fields of said metal middle class. 

[0019] Here, said process (b) may include the process at which said process (c) forms said metallic- 
coating layer in the field in which said metal base layer of said two metal interlayers is not formed, 
respectively including the process which forms said metal interlayer in the both sides of said two 
fields of said metal base layer, respectively. 

[0020] If this approach is adopted, the hydrogen permeable film which is equipment of this invention 
can be manufactured. 

[0021] As for said process (b), in the above-mentioned approach, it is desirable to include the 
process which heat-treats the group by which said metal interlayer was formed on said metal base 
layer at the temperature more than the service temperature of said hydrogen permeable film. 
[0022] If it carries out like this, a metal base layer will contain the selection element more than the 
solid-solution limit in the service temperature of a hydrogen permeable film near the interface with a 
metal interlayer at least. Moreover, the metal middle class will contain VA group element more than 
the solid-solution limit in the service temperature of a hydrogen permeable film near the interface 
with a metal base layer at least. Therefore, in case a hydrogen permeable film is used, while being 
able to control that a selection element is spread in a metal base layer, it can control that VA group 
element is spread in a metal interlayer. For this reason, it becomes possible to control that hydrogen 
permeability ability falls with time. 

[0023] Or you may make it said metal base layer prepared in said process (a) contain said selection 
element by almost uniform concentration distribution along the thickness direction in the above- 
mentioned approach. 

[0024] If such a metal base layer is prepared, in case a hydrogen permeable film will be used, it 
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becomes possible to control that can control that a selection element is spread, consequently 
hydrogen permeability ability falls with time into a metal base layer. 

[0025] . 
[Other modes of invention] This invention is realizable in various modes, such as equipments, such 
as a fuel cell system which used the hydrogen permeable film, and a mobile in which this fuel cell 
system was carried, and a hydrogen refiner using a hydrogen permeable film. 

[0026] . 
[Embodiment of the Invention] A. Explain the gestalt of fuel cell system:, next operation of this 
invention. Drawing 1 is the explanatory view showing the outline configuration of the fuel cell 
system in the operation gestalt of this invention. This fuel cell system is equipped with a fuel cell 
100, the fuel gas feed zone 200 which supplies the fuel gas which contains hydrogen gas in a fuel 
cell,' and the oxidation gas supply section 300 which supplies the oxidation gas which contains 
oxygen gas in a fuel cell. In addition, a fuel cell 100 is comparatively small and is a fuel cell of the 
solid-state macromolecule mold which is excellent in generating efficiency. 

[0027] The fuel gas feed zone 200 ( drawing 1 ) generates the fuel gas containing hydrogen gas, and 
supplies it to a fuel cell 100. The fuel gas feed zone 200 is equipped with the raw material tank 212, 
a water tank 214, two evaporators 222,224, fuel gas generation sections 230, combustion sections 
240, and condensers 250. In addition, the methanol is stored in the raw material tank 212. 
[0028] The 1st evaporator 222 evaporates the mixed liquor introduced from the raw material tank 
212 and the water tank 214, and supplies the mixed gas (it is hereafter called "material gas") of a raw 
material and water to the fuel gas generation section 230. The 2nd evaporator 224 evaporates the 
water introduced from the water tank 214, and supplies a steam to the fuel gas generation section 
230. 

[0029] The fuel gas generation section 230 is equipped with the reforming section 232, a hydrogen 
permeable film 234, and the extract section 236. Drawing 2 is the explanatory view showing an 
example of the fuel gas generation section 230. The fuel gas generation section 230 is unified and the 
hydrogen permeable film 234 is inserted into the reforming section 232 and the extract section 236 
so that it may illustrate. Material gas is supplied to the reforming section 232 from the 1st evaporator 
222, and the steam is supplied to the extract section 236 from the 2nd evaporator 224. 
[0030] The reforming section 232 is supporting the catalyst which advances a reforming reaction. As 
a catalyst, a CuO-ZnO system catalyst and a Cu-ZnO system catalyst can be used, for example. In 
the reforming section 232, the chemical reaction (reforming reaction) shown in the following 
formula (1) and a formula (2) carries out sequential advance, and the mixed gas containing hydrogen 
gas is generated. And in the whole reforming section, the reforming reaction shown in a formula (3) 
advances. 
[0031] 

CH30H -> CO+2H2 -- (1) 
CO+H20 -> C02+H2 - (2) 
CH30H+H20 -> C02+3H2 - (3) 

[0032] A hydrogen permeable film 234 separates hydrogen gas from the mixed gas (namely, 
material gas, carbon monoxide gas, choke damp, hydrogen gas, etc.) contained in the reforming 
section 232 interior by making hydrogen gas penetrate alternatively. In addition, about a hydrogen 
permeable film 234, it mentions later further. 

[0033] The extract section 236 promotes transparency of the hydrogen gas in a hydrogen permeable 
film 234 using the supplied steam. That is, the hydrogen gas generated in the reforming section 232 
penetrates a hydrogen permeable film 234 according to the hydrogen content pressure deficit of the 
reforming section 232 and the extract section 236. So, with this operation gestalt, the hydrogen 
partial pressure of the extract section 236 is set as the extract section 236 by carrying out sequential 
supply of the steam lower than the hydrogen partial pressure of the reforming section 232. 
[0034] Moreover, with this operation gestalt, the total pressure of the extract section 236 is set up 
more highly than the total pressure of the reforming section 232. This is for making it carbon 
monoxide gas not mix into the fuel gas obtained in the extract section 236. That is, if carbon 
monoxide gas is mixing into fuel gas, the catalyst in a fuel cell 100 will carry out poisoning by 
carbon monoxide gas, and the stable electrochemical reaction will be checked. However, if the total 
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pressure of the extract section 236 and the reforming section 232 is set up as mentioned above, even 
when a pinhole exists in a hydrogen permeable film 234, it can control that the carbon monoxide gas 
of the reforming section 232 interior leaks to the extract section 236. Moreover, the leaking steam 
can be used for a reforming reaction (formula (3)) if a steam leaks to the reforming section 232 from 
the extract section 236 through the pinhole of a hydrogen permeable film 234. In addition, when a 
pinhole does not exist in a hydrogen permeable film 234, it is desirable to set up the total pressure of 
the reforming section 232 more highly than the total pressure of the extract section 236, and to raise 
the separation efficiency of hydrogen gas. 

[0035] Furthermore, with this operation gestalt, as shown in drawing 2 , material gas and a steam are 
flowing within the reforming section 232 and the extract section 236, so that it may counter. The 
hydrogen partial pressure in the reforming section 232 is as high as the downstream to which the 
reforming reaction is advancing. On the other hand, the hydrogen partial pressure in the extract 
section 236 has the extract of hydrogen gas as low as the upstream which is seldom advancing. In 
making the flow of material gas and a steam counter as shown in drawing 2 , the downstream part of 
the reforming section 232 adjoins the upstream part of the extract section 236 through a hydrogen 
permeable film 234. Since the hydrogen content pressure deficit in the downstream part (namely, 
upstream part of the extract section 236) of the reforming section 232 becomes quite large at this 
time, hydrogen gas is efficiently separable. 

[0036] The non-penetrated gas (namely, gas which did not penetrate a hydrogen permeable film 234) 
discharged from the reforming section 232 oxidizes in the combustion section 240 ( drawing 1 ). 
Carbon monoxide gas oxidizes and turns into choke damp, and hydrogen gas oxidizes and, 
specifically, becomes a steam. Thereby, emission to the atmospheric air of the carbon monoxide gas 
contained in non-penetrated gas can be prevented. 

[0037] The fuel gas discharged from the extract section 236 is supplied to a condenser 250. A 
condenser 250 supplies fuel gas to a fuel cell 100, after condensing and removing the steam 
contained in fuel gas. In addition, the water of condensation obtained with a condenser 250 is 
returned to a water tank 214. 

[0038] The oxidization gas supply section 300 ( drawing 1 ) is equipped with the blower 310, and 
supplies the oxidization gas (air) containing oxygen gas to a fuel cell 100. 

[0039] A fuel cell 100 is generated using the fuel gas supplied from the fuel gas feed zone 200, and 
the oxidation gas supplied from the oxidation gas supply section. 

[0040] B. hydrogen permeable film: — structure [ of a B-l. hydrogen permeable film ]: — drawing 3 
is the explanatory view showing typically the cross section of the hydrogen permeable film 234 
shown in drawing 1 . The hydrogen permeable film 234 has 5 layer structure so that it may illustrate. 
Specifically, the hydrogen permeable film is equipped with one metal base layer La, two metal 
interlayers Lbl and Lb2 formed in both sides of a metal base layer, and two metallic-coating layers 
Lcl and Lc2 formed in each metal interlayer f s external surface. In addition, a metal base layer, a 
metal interlayer, and a metallic-coating layer are formed, respectively by the thickness of about 20 
micrometers, about 0.1 micrometers, and about 0.3 micrometers. 

[0041] The metal base layer La contains VA group element. As a VA group element, V (vanadium), 
and Nb (niobium) and Ta (tantalum) can be used. The metal middle class Lbl and Lb2 contains the 
element chosen from the inside of nickel (nickel) and Co (cobalt). The metallic-coating layers Lcl 
and Lc2 contain Pd (palladium). 

[0042] Below, the case where the metal base layer La consists of V, the metal interlayers Lbl and 
Lb2 consist of nickel, and the metallic-coating layers Lcl and Lc2 consist of Pd is explained to an 
example. 

[0043] The hydrogen content child is considered to penetrate a hydrogen permeable film 234 in the 
process as shown in drawing 3 . That is, a hydrogen content child dissociates to two hydrogen atoms 
in the 1st Pd enveloping layer Lcl first. The dissociated hydrogen atom carries out the sequential 
transparency of each class Lcl, Lbl, La, Lb2, and Lc2. And two transmitted hydrogen atoms are 
recombined in the 2nd Pd enveloping layer Lc2, and turn into a hydrogen content child. 
[0044] Pd which constitutes the metallic-coating layers Lcl and Lc2 has the function to make 
hydrogen penetrate while having the catalyst function to promote dissociation and recombination of 
hydrogen, so that this explanation may show. Moreover, nickel which constitutes the metal middle 
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class Lbl and Lb2, and V which constitutes the metal base layer La have the function to make 
hydrogen penetrate. In addition, the hydrogen permeability ability of V is considerably superior to 
the hydrogen permeability ability of Pd. 

[0045] By the way, in using the conventional hydrogen permeable film, i.e., the hydrogen permeable 
film with which Pd enveloping layer was formed in both sides of V base layer, as mentioned above, 
when V and Pd are spread mutually gradually, there is a problem that the hydrogen permeability 
ability of a hydrogen permeable film will fall with time. Moreover, although diffusion between V 
and Pd can be reduced when using the hydrogen permeable film with which the ceramic interlayer 
was formed between V base layer and Pd enveloping layer, there is a problem that the hydrogen 
permeability ability of a hydrogen permeable film becomes low. This is for a ceramic interlayer 
making only the hydrogen of a molecule condition penetrate. That is, before hydrogen penetrates a 
ceramic interlayer, it once recombines, and after penetrating, it is necessary to dissociate again. 
Furthermore, when joining a ceramic and a metal, while manufacture is comparatively difficult, there 
is also a problem of being easy to generate a crack etc. in a hydrogen permeable film by difference of 
coefficient of thermal expansion. 

[0046] Then, the nickel interlayers Lbl and Lb2 are made to intervene with this operation gestalt, 
between V base layer La and the Pd enveloping layers Lcl and Lc2, as shown in drawing 3 . 
[0047] V and nickel which constitute a base layer and an interlayer have a solid-solution limit 
mutually below at a certain temperature (about 700- about 1000 degrees C). That is, whenever 
[ dissolution / of nickel to the inside of V base layer ] is restricted, and also whenever [ dissolution / 
of V to the inside of nickel interlayer ] is restricted. For this reason, the counter diffusion of V and 
nickel is controlled. 

[0048] In addition, a "solid-solution limit" means the maximum concentration (saturated 
concentration) of the 2nd element which can be added in the solid-state which consists of the 1st 
element in a certain temperature, a solid-solution limit is looked like [ temperature and the class of 
two elements ], and responds and differs from them. 

[0049] nickel and Pd which constitute an interlayer and an enveloping layer are diffused to some 
extent mutually. However, nickel has like Pd the catalyst function to promote dissociation and 
recombination of hydrogen, with the function to make hydrogen penetrate. For this reason, hydrogen 
permeability ability seldom falls by the counter diffusion of nickel and Pd. 

[0050] In addition, when V and Pd are joined, it is reported that diffusion into Pd of V accelerates 
under hydrogen existence (Journal of Membrane Science 107 andpp 147-153 (1995)). However, 
nickel interlayer is made to intervene between V base layer and Pd enveloping layer with this 
operation gestalt. For this reason, diffusion into Pd enveloping layer which minded nickel interlayer 
of V under hydrogen existence is controlled considerably. On the other hand, since nickel and Pd are 
diffused to some extent mutually, diffusion into V base layer through nickel middle class of Pd may 
take place. However, since this diffusion is comparatively small, it is thought that the hydrogen 
permeability ability of a hydrogen permeable film seldom falls. 

[0051] Thus, if nickel middle class is made to intervene between V base layer and Pd enveloping 
layer, diffusion between V base layers and Pd enveloping layers which could control the counter 
diffusion between V base layer and nickel middle class, consequently minded nickel middle class 
can be reduced. Therefore, it becomes possible to reduce the fall of the hydrogen permeation 
property by diffusion between the metals of a hydrogen permeable film. 

[0052] As mentioned above, the solid-solution limits of V and nickel differ according to temperature. 
Specifically, a solid-solution limit becomes so large that temperature becomes high. A hydrogen 
permeable film is used in many cases at comparatively high temperature (for example, about 300- 
about 500 degrees C). For this reason, if use of a hydrogen permeable film is started, according to 
that service temperature, the counter diffusion of V and nickel will happen and the hydrogen 
permeability ability of a hydrogen permeable film will change with time (fall). For this reason, 
before starting use of a hydrogen permeable film, as for V base layer, it is desirable that it is in the 
condition which contained nickel more than the solid-solution limit (saturated concentration) in 
service temperature near the interface with nickel interlayer. 

[0053] Drawing 4 is the explanatory view showing typically nickel concentration distribution [ / near 
the interface of V base layer and nickel interlayer ]. 
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[0054] Drawing 4 (A) shows nickel concentration distribution in temperature Tl (almost ordinary 
temperature). Since the solid-solution limit CI to the inside of V of nickel in temperature Tl is quite 
low, it has seldom diffused nickel in V base layer at temperature Tl. 
[0055] Drawing 4 (B) shows nickel concentration distribution in temperature T2 (service 
temperature: of a hydrogen permeable film, for example, about 400 degrees C). The solid-solution 
limit C2 to the inside of V of nickel in temperature T2 is larger than the solid- solution limit CI in 
temperature Tl. For this reason, comparatively many nickel in V base layer is diffused. 
[0056] Drawing 4 (C) shows nickel concentration distribution in temperature T3 (temperature: 
higher than the service temperature of a hydrogen permeable film, for example, about 500 degrees 
C). The solid-solution limit C3 in temperature T3 is larger than the solid-solution limit C2 in 
temperature T2. For this reason, most nickel in V base layer is diffused. 

[0057] In addition, drawing 4 (A) - (C) shows a comparatively short period and the distribution when 
heat-treating for the hydrogen permeable film by each temperature Tl - T3. Here, heat treatment 
means heat treatment of a wide sense, and the processing placed during the predetermined period in 
ordinary temperature is also included, nickel concentration near the interface is almost equal to solid- 
solution limits C1-C3 in V base layer. And nickel concentration distribution in V base layer is 
becoming small gradually along the thickness direction. That is, V base layer contains nickel only 
near the interface. However, a hydrogen permeable film is considered that nickel concentration 
distribution long to infinity at each temperature Tl - T3 which met in the thickness direction in V 
base layer when carrying out period heat treatment serves as homogeneity mostly by concentration 
almost equal to each solid- solution limits C1-C3 as the alternate long and short dash line in drawing 
shows. 

[0058] As shown in drawing 4 (B) and (C), if it heat-treats by the temperature T2 more than the 
service temperature of a hydrogen permeable film, and T3, V base layer will be in the condition that 
nickel more than the solid-solution limit (saturated concentration) in service temperature was 
included, near the interface with nickel interlayer beforehand, so that the above-mentioned 
explanation may show. If it carries out like this, since it can control that nickel is further spread in V 
base layer after the beginning of using of a hydrogen permeable film, it becomes possible to control 
that the hydrogen permeability ability of a hydrogen permeable film falls with time. 
[0059] In addition, in drawing 4 , although nickel concentration distribution [ / near the interface of 

V base layer and nickel interlayer ] was explained, the same is said of V concentration distribution. 
That is, before the beginning of using of a hydrogen permeable film, if nickel middle class contains 

V more than the solid-solution limit (saturated concentration) in service temperature near the 
interface with V base layer, he will become possible [ controlling the fall of the hydrogen 
permeability ability after the beginning of using with time ]. 

[0060] B-2. The manufacture approach of a hydrogen permeable film : drawing 5 is a flow chart 
which shows the 1st production procedure of a hydrogen permeable film. At step S101, the base 
layer (foil) which consists of V is prepared. V base layer is etched with an alkali solution, and 
impurities, such as an oxide film formed in the front face, are removed. If it does in this way, the fall 
of the hydrogen permeability ability of the hydrogen permeable film resulting from an impurity 
remaining can be reduced. Two interlayers who consist of nickel are formed in both sides of V base 
layer at step SI 02. nickel interlayer can form by for example, non-electric-field plating and 
electroplating. At step SI 03, two enveloping layers which consist of Pd are formed in each nickel 
interlayer f s external surface. Pd enveloping layer can be formed by for example, non-electric-field 
plating and electroplating. If it does in this way, the hydrogen permeable film which has nickel 
concentration distribution as shown in drawing 4 (A) will be formed. 

[0061] Drawing 6 is a flow chart which shows the 2nd production procedure of a hydrogen 
permeable film. In addition, steps S201, S202, and S204 of drawing 6 are the same as steps SI 01, 
SI 02, and SI 03 of drawing 5 . At step S203, where nickel interlayer is formed in both sides of V 
base layer, heat treatment is performed. In nitrogen-gas-atmosphere mind, it is the temperature more 
than the service temperature of a hydrogen permeable film, and, specifically, heat treatment is 
carried out. In addition, the temperature of heat treatment is set up more highly [ about 0-100 
degrees C of abbreviation ] than service temperature, and the time amount of heat treatment is set up 
in about 24 hours. Thereby, near the interface in V base layer, nickel is spread to the solid-solution 
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limit in heat treatment temperature. If it carries out like this, the hydrogen permeable film which has 
nickel concentration distribution as shown in drawing 4 (B) and (C) will be formed. 
[0062] Drawin g 7 is a flow chart which shows the 3rd production procedure of a hydrogen 
permeable film. In addition, steps S302 and S303 of drawing 7 are the same as steps SI 02 and SI 03 
of drawing 5 . At step S3 01, V alloy base layer (foil) containing nickel more than the solid-solution 
limit in the service temperature of a hydrogen permeable film is prepared in V. In addition, V alloy 
base layer can be easily obtained by quenching, after heating to the temperature of for example, an 
alloy proper, and rolling out. Thus, V alloy in the condition of having dissolved can be obtained by 
quenching, without nickel depositing in V. If it carries out like this, the hydrogen permeable film 
containing V alloy base layer which has nickel concentration distribution as shown in drawing 4 (B) 
and (C) with an alternate long and short dash line, i.e., V alloy base layer which has almost uniform 
nickel concentration distribution along the thickness direction, will be formed. Here, almost uniform 
nickel concentration distribution means the distribution to which nickel concentration value in each 
field in a base layer turns into about 90% or more of the greatest nickel concentration value along the 
thickness direction. 

[0063] in addition, in drawing 6 , heat treatment is carried out, after forming nickel interlayer --**** 
(step S203) - after forming nickel interlayer similarly in drawing 5 and drawing 7 , it may be made 
to heat-treat. Moreover, in drawing 5 - drawing 7 , it replaces with heat treatment after interlayer 
formation, or may be made to heat-treat after Pd enveloping layer formation with this. 
[0064] By the way, nickel concentration distribution in a base layer is measurable as follows, for 
example. That is, when nickel exists only near the interface of a base layer and the middle class, it is 
desirable to measure using Auger electron spectroscopy (AES:Auger Electron Spectroscopy). 
Moreover, when nickel exists by almost uniform concentration distribution along the thickness 
direction of a base layer, it is desirable to measure using an electron probe micro analysis method 
(EPMA:Electron Probe Micro Analysis). Or you may make it measure combining a scanning 
electron microscope (SEM:Scanning Electron Microscope) and an energy dispersion form X-rays 
spectroscopic analyzer (EDX:Energy Distersive X-ray spectrometer). 

[0065] As mentioned above, although this operation gestalt explained the case where V, and nickel 
and Pd were used, it replaces with V, and you may make it use Nb and Ta which have the same 
property as this, it replaces with nickel, and you may make it use Co which has the same property as 
this. Also in this case, similarly, since it is applicable, detailed explanation omits the above- 
mentioned explanation. 

[0066] As explained above, the hydrogen permeable film of this operation gestalt With two metal 
interlay ers Lbl and Lb2 containing the element which was formed in the both sides of two fields, the 
metal base layer La containing VA group element, and the metal base layer La, respectively, and was 
chosen from the inside of nickel and Co It was formed in the field in which the two metal middle 
class 1 metal base layer is not formed, respectively, and has two metallic-coating layers Lcl and Lc2 
containing Pd. If such structure is adopted, diffusion between the metal base layers and metallic- 
coating layers which could control the counter diffusion between a metal base layer and the metal 
middle class, consequently minded the metal middle class can be reduced. Therefore, it becomes 
possible to reduce the fall of the hydrogen permeation property by diffusion between the metals of a 
hydrogen permeable film. 

[0067] In addition, with this operation gestalt, although the hydrogen permeable film has 5 layer 
structures of Pd-nickel-V-nickel-Pd, it may have the three-tiered structure of Pd-nickel-V, for 
example. 

[0068] Namely, generally, the hydrogen permeable film was formed at least in one side of the two 
fields, the metal base layer containing VA group element, and a metal base layer, between two fields, 
the metal middle class containing the element chosen from the inside of nickel and Co, and the metal' 
middle class, was formed in the field in which the metal base layer is not formed, and should just be 
equipped with the metallic-coating layer containing Pd. 

[0069] In addition, this invention can be carried out in various modes in the range which is not 
restricted to the above-mentioned operation gestalt and does not deviate from that summary, for 
example, the following deformation is also possible for it. 

[0070] (1) Although the combustion section 240 for processing the carbon monoxide gas generated 
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at the reforming reaction is formed in the downstream of the reforming section 232 with the above- 
mentioned operation gestalt ( drawing 1 ), it replaces with this and you may make it prepare the shift 
section and CO oxidation section. In addition, the shift section generates hydrogen gas and the choke 
damp from carbon monoxide gas and a steam. CO oxidation section oxidizes the carbon monoxide 
gas which is not processed in the shift section, and generates the choke damp. Thus, when preparing 
the shift section, you may make it prepare a hydrogen permeable film in the shift section. In addition, 
if the hydrogen gas obtained in the shift section is made to join the fuel gas discharged from the 
extract section 236 and a fuel cell 100 is supplied, it will become possible to raise the use 
effectiveness of hydrogen gas. 

[0071] (2) Although the fuel cell system is equipped with the fuel gas feed zone 200 which generates 
the fuel gas which contains hydrogen gas using a methanol, it is replaced with this and you may 
make it equipped with the fuel gas feed zone which generates the fuel gas which contains hydrogen 
gas using other alcohol, natural gas, a gasoline, the ether, an aldehyde, etc. with the above-mentioned 
operation gestalt. Generally, as a raw material, the various hydrocarbon system compounds which 
the hydrogen atom contained can be used. Also in this case, if a hydrogen permeable film is used, it 
will become possible to raise the purity of hydrogen. 

[0072] Moreover, although the fuel cell system is equipped with the fuel gas feed zone 200 which 
generates hydrogen gas by reforming a methanol, it is replaced with this and you may make it 
equipped with the fuel gas feed zone which obtains hydrogen gas from a hydrogen storing metal 
alloy, a hydrogen bomb, etc. with the above-mentioned operation gestalt. Also in this case, in order 
to raise the purity of hydrogen, a hydrogen permeable film is applicable. 

[0073] (3) With the above-mentioned operation gestalt, although a hydrogen permeable film 234 is 
self-supported film, it may be formed on the base material. As a base material, porosity members 
which can penetrate hydrogen gas, such as an alumina and a sintered metal, can be used. 
[0074] (4) Although the above-mentioned operation gestalt explained the case where the hydrogen 
permeable film of this invention was applied to the fuel cell system which uses the fuel cell of a 
solid-state macromolecule mold, it is applicable also to the fuel cell system using the fuel cell of 
other types. Moreover, it is also possible to apply a hydrogen permeable film to a hydrogen refiner. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of" this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the outline configuration of the fuel cell system in 
the operation gestalt of this invention. 

[Drawing 2] It is the explanatory view showing an example of the fuel gas generation section 230. 
[Drawing 3] It is the explanatory view showing typically the cross section of the hydrogen 
permeable film 234 shown in drawing 1 . 

[Drawing 4] It is the explanatory view showing typically nickel concentration distribution [ / near the 
interface of V base layer and nickel interlay er ]. 

[Drawing 5] It is the flow chart which shows the 1st production procedure of a hydrogen permeable 
film. 

[Drawing 6] It is the flow chart which shows the 2nd production procedure of a hydrogen permeable 
film. 

[Drawing 7] It is the flow chart which shows the 3rd production procedure of a hydrogen permeable 
film. 

[Description of Notations] 

100 - Fuel cell 

200 — Fuel gas feed zone 

2 1 2 — Raw material tank 

214- Water tank 

222,224 - Evaporator 

230 — Fuel gas generation section 

232 — Reforming section 

234 » Hydrogen permeable film 

236 » Extract section 

240 — Combustion section 

250 — Condenser 

300 — Oxidation gas supply section 

310- Blower 

La — Base layer 

Lbl, Lb2 - Interlayer 

Lcl, Lc2 - Enveloping layer 

[Translation done.] 
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J: 0 . tttbSP 2 3 6 ©7KSI#/E£, &JtSP 2 3 2 ©tKH 

[0 0 3 4 ] *Hi6Jg«rt?tt, «£SP2 3 6 ©:£ 

JB±, 5fcft£P2 3 2 ro^)±J: 0 &S5< KSSttT^*. 
cni±. »tBSP 2 3 6 T-Wt.n-S»^3f4#X*tc-^t^ 
fittfXtfSAbtt^cfcTK-f •Sfcfe-efc-S,, -T&;b*>. 

mi 0 oft<DMMw-wtimmifxiz£'o&BLx. & 
2 3 6 t&nffi 2 3 2 1 <D±m&±m<D j: ^ Kis^-r 

fttf. 7KXatifflR2 3 4 fcev*-.lua<EHtr*tt&T? 
fc, &HSP2 3 2rtas©-iMbft*«'X*<ttajSI5 2 3 6 
'J -7-f*©*fflIffl-*-4 **« 
JMJ12 3 4 0tfV*-^LT, tttU§P2 3 6 *^2fe 

2 3 2 ktK^m^ y — ? -r y - ? l tzym% 

Z&KKm (it (3) ) Kffl^<S£t tt*>\ 



*T. 7K^M«rj^*47yx^g|5 2 3 oc:0«s-f<&. 
[0 0 2 9] «RI4* , X^§|J2 3 0 ti> &KSP2 3 2 
*X2»lH2 3 4 »tfc$G2 3 6 t£MA.X^ 
*. H2t±. $**4#x£/55cSP 2 3 O0>-0iJ£*M-i&BJ§|il 
Tf**. H*+*J:^(c» «S*4#X*JS« 2 3 0l±. - 
4Wfc3ttT*J«3. *X&A§t2 3 4 tt, &HSP2 3 2 t 
tttti£|5 2 3 6 tU^*tir^4„ &3C£P2 3 2 (c(± % Sjl 

35 2 3 6 fcti, SB 2 ©jlfgig 2 2 4fr e.*JI5R*««*&* 
10 n'T^-i), 

[0 0 3 0] &H35 2 3 2 (±. 3kHRjC«rJfltT*-a--5tt 
^^:fi^#LTV^^ <> ttdtLTH, ffOAtf. CuO-Z 

4. 5fcMgP2 3 2 T?C±, <^©5C ( 1 ) . 5£ ( 2 ) IwttT 

^ifX^^c^n*. fit, 3^M§i5^:#:T-t±. it 

( 3 ) ic/Tx-r^sRjs^ittf-r^. 

[0 0 3 1 ] 

- ( 1 ) 

- ( 2 ) 

- 3 H 2 — (3) 

7Kmmmm2 3 4 iz^y^-ju^^ELu^m-kua. 

^MSP 2 3 2 ro^EE$rtttba5 2 3 6 co±fc± <0 i>M< sS. 

[ o o 3 5 ] $ f> ^mrnmrnx-it, m 2 i^-r =t o 
i-> efeM&P2 3.2tj«fci/amgP2 3 eft-e. mrnf^t 

7K^mt(±, H^«J:d(c8Ktir^«. &KSB2 3 2 
i\ —15. tttBgP2 3 6 ft©7Kil#GEC4. TK^Tyxcott 

li. ^H§P 2 3 2 (7>T5?tll!lSI$#li. TK^SiSM 2 3 4 
^•LT, t$iliiU2 3 6 ©±»[ffl!iap»i:ISJS-r*. :©i 
&«§P2 3 2 ©T8S«SP» (-Tttfct.. JS&dti^FP 2 3 
6 ©±8fEffl»») ^fc(J^7K^JEM(±*^J: 0 A# < 

[0 0 3 6] ^KSP2 3 2 *^^dl$n-l.^i®^*'X 

40 c-r<t*)^, 7K*^iSM2 3 4 sraaLtta^fc*-*) 
a, ^§P2 4 0 dai) tfctNTiifbsn*. *4*^i 
i±. -iwbK * # x t±K<b $ nx =m mm * x k * 

0. 7KlS#X(±S'fb^nT7K^m(-^-i>o c4atcJ:0, 

[0037] mm^2 3 bfrt>mmtstitzimifxit. 
mm$%2 5 oic{it^$n-s„ nmn2 5 ot±. imjfx 
[z^&nzTumm&mmLxm&Ltz®., mwjfxzm 
mw.m \ 0 oic^-r-s. ^isn 2 5 oxm^n 

50 -i»^ffi7Kti. 7K* V? 2 1 4 t-M^n^o 
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[0038] wtffzmteM 3 oo m i ) i4, ^9 

[ 0 0 3 9] «8*4«?ti5 1 0 0 (4, Mm^XlKldff 2 0 0 
[0 0 4 0] B. *S&aiH: 

B - 1 . *X&AlRa>ff!2l : H 3 14, 0 1 lcijr*7K*» 
^0012 3 4©Br®*«SC«(^-rtJiB^B|-??**. 
-SJcotc, *%3aflR2 3 4(4, 5JH*jfi£WLTi^ 
4. *ftWKt±. #*a»fflit±. 1 -?©:&JS^-XJiL 
ai, £K^-Xg©MHKffM$*i*: 2 o©&JS4»Ptfl 
ILbl, L b 2 (b> &&MtpWm<Dfmiz&tiii<tLti 
2-9©iI»IILc 1, Lc2t, SrflliT^*. ft 

tf, 0 urn, ^0 . liim, ifaO. 3ura©5W 

[0 0 4 1 ] il^-XlLali, VA®OTfg£#X,-? 
VAiKlTciti: LTC4, V A) <f>, Nb 

ILb 1 , Lb2(t N i (— . y y;b) tCo 

mmhc 1. Lc2li, Pd (/^vW) £#A,T-^ 

-So 

[0 0 4 2] OTT-It ^S^-XJSL a*<VfMS 

n, &JK4>naj8L b i . l b 2 **n i -cmm.zn. &m 

WtWML c 1 , L c 2 #P d-p«j£3n**&£0«KIB 

[0 0 4 3 ] 7K3SI# : ?t±. 0 3 (c^-T J: n 7j< 

*>, 7k!t#?l4, *1\ H 1 oPdSUL c 1 KtJi* 
r 2 o©**BdFK»||-r*. JBKLfcTKJIUg^WU £ 
ILc 1, Lbl. La, L b 2 . Lc2 fcliift^fl-f 
4. fit, 2J!iL/c2oW7i<*]l?(±. f 2®Pdt 

[0 0 4 4] £«>fti&*&a*6J:3(;:^ L 
c 1 . L c 2 5r«fig-r-5. P d 14, 7j<sit©8?gt • nt&&& 

*«WB«:*U"rv^*. &JK<PfIMLb 1, Lb 2 

N i fc&JR^-^JBLa&flWt-riVttt. 

[ 0 0 4 5] HuizEroiTlC fi£3fc©**J8iI 

Si, 1-ftb*>, V^-xB©jSg®(cPdSSJl^fig$ 
nfe**2i*ffltS:ffl^*«^Jcti. V t P d fciWWHi;: 
fflSKSMW * c £ K J: 0 , *£3aiR0?K£3Kfi19:ft& 

^-xjitp d^mmtnmz^ 5 -y ?*Pb1ji#jtm 
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attteaME <^sii^ ns^& -s . c n i4, -t? 7 5 -y 

? * IE0JB 14 , «ffi©7klt © * Sr Mil $ * 4 46 T- £> 

•5. -t^*?*., 7K^* i! -fev ; -y ttpmmz&M-t&m^ 

14, -IB$S^l, iSaLfca^ti. BttflHt4-«'iai 
t75 -y ^fc^«t«rg^r*«^-{C 
14, «it*<Jt«WB«tT?**i:tfe{c % 8&H23S3z©*§« 

(c<t 0 **aaiH»=»inif *<56^ n^toi rib* & 
4. 

10 [ 0 0 4 6 ] * C T% *3UfcJ$BT?li. HI 3 IwtVT <fc 9 
fc, V^-71L atPdffllLc l , Lc2£<B|SJ 
tcN i tpWMLb l . Lb2^$tt^„ 
[0 0 4 7] ^-^it^It^tiVtN i t 
14, &-i>SJg («7 0 0~»l OOOt) 5 
^(c@^Rg«rW-t^. -fftt>*>. V^-xi^^N i 

©a^stipg^nrfco, n i <pfflmip^(Dv (Dmfgig. 

[0 0 4 8] ^«cfc\ ra^pgj ttt, fe-siastctjv. 
20 r, s i ©Tc^-eflifig^n^a^ic^ipnjti^s 2 © 
7x*«7)ft^;2i)5 (tsfasiK) @^i5gi±, a 

[0049] <pmmtmimtzm8i-tz>H itPdt 

/= to, NitPdt omSMftllz i?T, 7K3lSJil+4f& 
[0 0 5 0] ^4>, Vi:PdtA«S$gnT^5«te 

30 (4, 7K*#fiT{-t>^T, v©Pd*'M0#tt:&<Jnja-r 

^iiA'iScSnTl^ (Journal of Membrane Scienc 
e 107, (1995)p P 147-153 ) . Lft*Ltt4«&* *H*feff^ 
T*(4, V^-XgiPdMMJlt©P B 1(CN iifra«S:^ 
it^-tfTl^. dW/ito, 7K*^T(-fc^Tt, V© 

*j$tx-?»o n i <hPdti4, tizmmmmztitm. 
40 ft^tmz.t>n& 0 

[0 0 5 1 ] d©«fc^ic, V«:-XltPd»iItro 
MtN i *rBlJl«:5>ft^-a-n(i, V<-Xli:N i «fW 

[0052] H?ra>©io^, vtNi tommmt^ s 

50 **R<<c*taif^#</j:*. 7K«iliSH(±, Jt«WKf 
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(6) 
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ss («*.«> ^3 o o~^5 o or) rfltfflinic 

[0 0 5 3] 04 14. V^-XB£N i if>IHIB £ ©I*® 

LO 0 5 43 E14 (A) H, *£«T 1 Kfc 
tt-SN iiS^^Lt^^. SST 1 KfcttiN i 
o>V4"^tf>B?§PKC 1 iW^iOffiWc^ *S«T 1 T* 
14, N i t±V^-X«flt-&*9&fifcL-£l,>ftv\, 

[0 0 5 5] 0 4 (B) (i. il*T2 

gLtv^. *SJKT 2 Kfctt&N i OV* ^<D®mmC 

2 -skt i iz&tfzmmmc 1 <t o t>*#^. 

[0 0 5 61 0 4 (C) (4. iSKT 3 (#*»«ffll©«! 
ffliMCJ: 0 fcJB^tBK : « 5 0 0^C) Cfctt* 

N i «MtSI/f^«. -SKT 3 fcfcttSHSBC 
3 (4, SET 2 fciitf *H*HC 2 <fc 0 C<7> 
/cto. N i 14. V<-Xirttii>^<fitLt^'S. 

[0 0 5 7] ftfc, 0 4 (A) ~ (C) 14, 7K«2®)» 

£#-sikt i ~t 3 T?jt«WH^ww. mtmistztz 

1~C 3 fcBI3Sffl/<tti»W4. *LT, V^-XB 
1*3© N i 0Jg#tfiC4. J»**|^{=»-9rjWH£/J^ < ft 
-Tftfr*K V^-XB14. |Wt£©^KN 
i fc^i/CO*. fcfc'U 7K#J&l©t£ ; &iSKT 1 ~T 
3 •eMKi-ft^WWBWfia"^* 1 ''*- V-<-x»fi©JP^ 

^iS]tc?e^f=N H*-iS«»T*-r± ^ 

&®mmc i ~c 3 i=«»3S»Lv>«K-eacaJ9-t 

[0 0 5 8] ±K0>fiHBfr ± S 0 4 4 

(B) , (C) Izmir i-M-. **3S»iI©teE 

iMOSLhoafltT 2 , t 3 -eawaa-rntf. v^-xg 
(4. n i <pmmt<DRn&®i^ &m®BuztsttiWfc 

ZWffl-f &z£ #°Jt6 £ ft <& o 

[0 0 5 9] ftis, 0 4-et4. V^-XltN iW 
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vmM5tfG\z.r>\^Xbfflfc"e$>&. i"ft^^>- 

B#WftteT£ WMBW* - t #°Tt£i: ft 
[0 0 6 0] B - 2 . **;8»fflt©Sli6#8t : 0 5 14. 

xf77"sio iT*i4. v-eflussn*'*— *b 

(fg) tfflSflfS*!.*. V^-xBt4. T^*y»SRT^- 
0 ^>?'$tu gt®tcffM$^BKtK^©WIWS 

ZtWCgZo Xf7 7'S l 0 2T?I4. V<-Xl©B 
N i -vm&LZtlZ 2 ^©tfiMBtfT&SSn*. N 

-,xmm5sm-?&z. xt^s i o 3-*s±s #n i * 

RBB©fl-®l-, P d X'Mf&Z HZ 2 

20 (A) {CTK-TJcoftN i aK^5rWi--57K*^aK^ 

[0 0 6 l] 0 6I4. *H3Siiffil©S 2 ©fFR^H*^ 
-^- 7a _^^_ ftfc. 06 ©XT--y7"S 2 0 

1. S 2 0 2 . S 2 0 4 14. 05©Xf'v7*S l 0 l . 
S l 0 2 , S l 0 3 fcHi;-***. ^T77"S 2 0 3 T- 
I4 % V<-Xl©iffll:N i tjaKB^^Stlfct^JS 

30 «> m o ~m i o o t k < iss^ n. »«aioflfWU4, « 
i-effitti-*. c^+titf^ 04 (B) . (C) 

J: -9 ftN i ^S^^^^^KmSilM^ffM^n^.^ 
[0 0 6 2] 0 7(4. #*2«W©£3©fPI4¥W&7K 
- r - 7a _^^_ h-e*-i.o ftfc. @7©XT7 7"S 3 0 

2, S 3 0 3 t4. I5©Xf77"S l 0 2, Sl03t 
Xf77'S3 0 1T-I4. V^lC7K«ii®SS 

40 xi (fg) **as«*n*. ftfc. v^'<-xgt4. 0!i 

AI4. ^SWOSK^SO^l^fe^^^L., ffiffi-T* 
C i: ic J: TSfieff* ^i^l*. C © <t 9 

nctiao, n i *«vpgc«Tm-*-f c hjsl^« 

( B ) . ( C ) J: ^ ft N i «t»* * 

1^-ftN i aK^SrWriV^^-xBSr^t;* 

i^-ftN \ fflgft1a£rt-> ^-XiW©§Wl-fct^ 
50 N i Wmt** N i 9 0 %SL± £ ft * 
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[0 0 6 3] fti>\ 0 6T*li. N i tpmmZB&LLtz'& 

izmeMtfigtkztix^i Uf^s 2 o 3) a\ b 

ti^^t-. Pd&MJl7TM&tc^3£llJ&Tr 
[0 0 6 4] t:^T% ^-XjPflroN i 

jr-~Ji.n : Fftyi& (AES : Auger Electron Spe 
ctroscopy ) Srffll^Titt^iliWiH^ 

PMA : Electron Probe Micro Analysis ) %m^~C'M 

( S EM : Scanning Electron Microscope) tx^jb^ 
-&1»MXmftffigi& (EDX : Energy Distersive X- 
ray spectrometer ) t Tfflfe-T & J: n \Z 

[0 0 6 5] RJb, #H*feff#&-P(±, VtNiiPdi 

|s)|£rottH£WiJ--5>.N b a £fflt><5 «fc o iz LT & «fc 
N iKftAT. intlWI^rottM^Wt-'S.C o & 

[0 0 6 6] Jsi±Si^Lfc«l:-5(;. *IOfe^JI8©7KJsa 
JUMli. VAiitl^^I^-XlL a :&JS^ 

-xil a»2-30Bc75?^^ri^-en- i en^$n. Ni 

tCo £©}£fr&^£ttfc7C*&#fc2-3©&R4J 
FbIBL b 1 . L b 2 t> 2 o<7*£J§if raSW&g'*— X 

tsZi<D&m®MML c 1 , Lc2t, t«Ar^«. 
Cffli^iil^iffltntl &fl'<-XJIt&JI4 1 lffl 

^js^ran l /c&js^- xi t t row© 

[0 0 6 7] fct,\ *H*fe^-e(±. *&£All£(i. P 
d-N i -V-N i -P dfl>5Ji«i&£WLT^*2&\ 
mtf, Pd-N i -V©3JI«$!S**rLT»,vC<>J: 
t\, 

[0 0 6 8] -fttto^ 7K«S^Kt±, VA& 

TzMZats&M^— xJit, il^-xiro 2 -?©H© 

mus ntzKm&*ats&mtpmm t , &fi<t> ihji© 

2-?©®©9 *>> ^g'<-XJl* i! TTM$tiTt^d:t''B(c 
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[0 0 6 9] £0%ifl(i±IB03gftl0HBK:IB&n 
[0 0 7 0] ( 1 ) ±EHJfe?glfi (11 1 ) T*t±. gdlSC 

2 3 2 ©TssMMKti. &n%j&-?£.tfiit!titz-mimm 

=tdt-LTt <t.t\ fti>\ ->7 YUx-nhix^mif^ 

^i4*Hi!i o ovimtttut. *mirx0>mmimzGi 
[0071] ( 2 ) ±mmmmmxHt^ mmmm^^ 

20 Art, > ?y-;i/£ffli^T7fcfg#x£^t;j&ift#x££ 

(sate hi4£lt(±. Tkmmi-tfsmztitzn^omt 

[0072] ztz^ ±mmmmmxHi^ mmmw^^^ 

mm#zm&uzmz.%£iizLrt>£\,\ zo^^ta 
m^izb, ykme>mm.&fa±z*tztzmz > ^mmmm 

[0073] ( 3 ) ±.mnw&m-eii, ymmtm 2 3 
ts^ainc if o&nn&tt&m t ^ * - ^ § * . 

40 [0 0 7 4] ( 4 ) ±IBHSfe®MT-(±. H^S^TMro 

mzmm-tzm'Sizi^TwtWLtztf^ -ram 

WMi&Z m t > ^M*4Sfte -> x f- a iz & igfflBjfgr-fe . 
[0Hrop^/<£^] 

[iai] *§rib^ nnmrn izzmz mmmm -> x ^ a © 

[0 2] j^4#X^g|5 2 3 0©— ft*j3%-t*UP!B-?& 
50 *. 
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[0 3] hi izm-tfrmmmm 2 3 4 omMzm^iz 

1 0 0 -jUKJBWfc 

2 0 0 -mmf7,m^ 
2 1 2-mm?>9 



(8) 

2 1 4— 

2 2 2, 2 2 4 -i!g%gg 
2 3 0-«W4* , ^^fiS« 
2 3 2 -acKSP 
2 3 4 -TjtX&flllt 

2 3 6 -«iaj» 

2 4 0 -«Mftgp 

2 5 O-SMS 

3 0 0 -fMta-xfltt&ap 
10 3 1 0-7D9 

L a-^-Xl 

l b 1 , l b 2 -tfrae 

L c 1 , L c 2 -WW 
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[0 5] 



212 



214 
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— 100 
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[0 2] 



[06] 



[07] 
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*-X»<V>MMi 


















ttM(Pd)a>&jft 







-S201 
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-S301 
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tMSJI(Pd)<0fl2fifc ^S303 



( ~* ) 



2005*£3E 15B 1337442 



(9) 



WW 2 0 0 3 - 1 1 2 0 2 0 



[03] 



[0 4] 




234 



(Ni) 
CPd) 



(a) sifirn 



Ni 



100 



CI 

.jL 



(b) arr2 



NijSJf (%) 
v 100 



C2 



(C) 



NiiSS(%) 
100 



Ni 



C3 



7D> h'*— v03K# 

F 4D006 GA41 MA06 MC03X NA45 

NA50 NA51 PA03 PB18 PB66 
PC80 

4G040 FA06 FC01 FD04 FD06 FE01 
5H027 AA02 BA01 BA16 
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